Introduction

1
Chiral compounds are recognized to play important roles in chemistry, biology, 2 medicine, and pharmacology [1] [2] [3] , so that the analytical methods for the chiral 3 compounds require the high sensitivity, high optical resolution, and short analysis time. 4 Among several chiral separation methods, such as high-performance liquid 5 chromatography (HPLC), gas chromatography, and capillary electrophoresis (CE), CE (NACE) [4] [5] [6] . However, the concentration sensitivity is quite poor because of the short 12 optical path length and the small injection volume of sample solution. 13 To overcome such the drawback of CE, several online sample preconcentration 14 techniques have been developed [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Although up to 1,000-fold sensitivity increases 15 have been achieved in chiral analysis [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , optimization of the preconcentration 16 conditions is usually required because the resolution was reduced due to the decrease in 17 the effective separation length accompanying the increase in the sample injection 18 volume [17] [18] [19] . Since the enantioseparation is not so easy without the optimal 19 electrolyte composition, additional optimization of the preconcentration condition is one 20 of the most serious disadvantages. Moreover, highly efficient preconcentration 21 techniques often require multi-step procedures [16, 20] , which are quite bothersome and 22 often cause the reduction in the analytical reproducibility. Hence, we focused on an 23 online sample preconcentration technique using field amplified sample stacking, 24 large-volume sample stacking with an electroosmotic flow (EOF) pump (LVSEP) 1 [21 -23] , which provides the high sensitivity with almost no loss of resolution in a 2 simple experimental procedure. In our previous work [22] , up to 780-fold sensitivity 3 increases were achieved with good separation performance in the CE analysis of 4 oligosaccharides. Moreover, we did not need to optimize the sample injection volume, 5 because the sample filled in the whole capillary could be concentrated. Thus, the 6 application of LVSEP to the chiral analysis in CE is expected to improve the sensitivity 7 with high enantioseparation efficiency and to minimize the optimization procedure of 8 the experimental conditions and the multi-step preconcentration procedure. 9 In spite of the high preconcentration and separation ability of LVSEP, there has 10 been no report on the separation performance in combining LVSEP with any separation 11 modes except for the most basic separation mode, capillary zone electrophoresis (CZE).
12
In LVSEP, the separation performance is determined by the inversion position of the 13 sample migration where the EOF velocity and electrophoretic velocity of the analyte in 14 a background solution (BGS) is balanced [23] . Hence, the change in the effective 15 electrophoretic mobility in the different separation mode can cause the increase or 16 decrease in the resolution. It is important to consider the effect of the separation mode 17 on the resolution both theoretically and experimentally. 18 Our aims in this study are to clarify the effects of the separation mode on the (TM-β-CD) were purchased from Wako (Osaka, Japan), quaternary β-cyclodextrin
18
(QA-β-CD) and DL-leucine were purchased from Sigma-Aldrich (St. Louis, MO, USA), 19 and all other reagents were purchased from Nacalai Tesque (Kyoto, Japan). All solutions 20 were prepared with deionized water purified by using a Direct-Q System (Nihon   21 Millipore, Japan), and filtered through a 0.45 µm pore membrane filter (Nacalai Tesque) 22 prior to use. results are expressed as follows.
where µ EOF,SM , γ, and e are the electroosmotic mobility in the SM, conductivity ratio 13 between the SM and the BGS, and base of the natural logarithm, respectively. separation. As shown in Table 1 , however, the effective separation length was estimated 20 to be more than 93.74% indicating the loss of separation length will not be so 21 significant. In general, loss of effective separation length would be more minimized by 22 reducing the salt concentration of the SM and by making the conductivity of the BGS 23 high to provide enough large γ. (Table   12 2). In the LVSEP-CDCZE analysis, on the other hand, even 100 ppb racemic warfarin 3) of the detection time, peak height, and peak area in LVSEP-CDEKC were estimated 23 as 1.3%, 4.4%, and 4.6%, respectively, whereas those in the conventional CDCZE were 0.1%, 4.0%, and 3.5%, respectively. shown in the previous report [22] , the LVSEP analysis could be performed without 9 dilution when the conductivity of the sample solution is less than 100 µS/cm. Hence, the 10 desalting performance of the SPE is sufficient for the LVSEP concentration.
11
Urine sample containing 500 ppb racemic ibuprofen after the SPE purification was 12 analyzed in the same LVSEP conditions as discussed in the previous section on the EE proposed to obtain w and x sc,i . Although the main stream of the calculation process is 4 almost the same as that in our previous report, the effect of adding CD into the 5 electrolyte was discussed in detail. 12
The SM/BGS boundary moves according to the EOF, x b can be expressed as a 17 function of t. 
Here, by solving the differential equation of t and x,
From initial condition, x b is equal to L when t = 0. Thus, Eq. (S11) is solved as 
